In the hole-doped cuprates, a small amount of carriers suppresses antiferromagnetism and induces superconductivity. In the electron-doped cuprates, on the other hand, superconductivity appears only in a narrow range of high electron concentration (∼ doped Ce content) after reduction annealing, and strong antiferromagnetic (AFM) correlation persists in the superconducting phase. Recently, Pr 1.3−x La 0.7 Ce x CuO 4 (PLCCO) bulk single crystals annealed by a "protect annealing" method showed a high T c of ∼ 27 K for small Ce content down to x ∼ 0.05. By angle-resolved photoemission spectroscopy (ARPES) measurements of PLCCO crystals, we observed a sharp quasi-particle peak on the entire Fermi surface without signature of an AFM pseudogap unlike all the previous work, indicating a dramatic reduction of AFM correlation length and/or of magnetic moments. The superconducting state was found to extend over a wide electron concentration range. The present ARPES results fundamentally change the long-standing picture on the electronic structure in the electrondoped regime.
Since the discovery of the cuprate high-temperature superconductors, one of the central issues has been the relationship between antiferromagnetic (AFM) order or AFM spin fluctuations and superconductivity. Starting from the AFM parent insulator, a small amount (∼2%) of hole doping destroys the AFM ordering and superconductivity emerges. However, for the electron-doped high-temperature superconductors (e-HTSCs), the antiferromagnetism persists up to the optimum doping (∼ 15%), as depicted in Fig. 1a . In the underdoped region of e-HTSCs, a large pseudogap opens due to AFM order or AFM correlation as observed by optical measurements [1, 2] and scanning tunneling spectroscopy (STS) [3] . Angle-resolved photoemission (ARPES) studies have shown that the "pseudogap" opens around the "hot spots", namely, crossing points of the Fermi surface (FS) with the AFM Brillouin zone boundary in superconducting samples [4] [5] [6] . A neutron scattering study [7] has revealed that the AFM correlation length is of order ∼ 10 lattice spacing in the superconducting phase, and the "pseudogap" in the ARPES spectra of the superconducting phase has been reproduced by assuming a similar AFM correlation length [8, 9] .
Since the discovery of the e-HTSCs, it has been well known that annealing in a reducing atmosphere is necessary to realize superconductivity. As-grown samples are nonsuperconducting and AFM. By annealing the AFM phase shrinks, and superconductivity appears [10] . It has been believed that a small amount of residual oxygen atoms at the apical oxygen site causes the AFM ordering, and are removed by reduction annealing [11] .
Previous ARPES studies have revealed that reduction annealing decreases the intensity of the AFM folded bands and increase the spectral intensity at Fermi level (E F ) [12, 13] , but the AFM pseudogap has been seen in all the e-HTSCs from the underdoped to overdoped regions studied so far [14] . Therefore, the AFM pseudogap has been regarded as a hallmark of the e-HTSCs and the relationship between antiferromagnetism and superconductivity has been considered as a more essential ingredient of the e-HTSCs than the hole-doped ones.
In a previous study, Brinkmann et al. [15] annealed thin single crystals of Pr 2−x Ce x CuO 4 (PCCO) sandwiched by PCCO polycrystals of the same compositions and realized superconductivity with Ce concentration as low as 4%. Recently, in thin films [16, 17] and powdered samples [18, 19] of e-HTSCs, superconductivity was found even without Ce doping. Inspired by those studies, Adachi et al. [20] further improved the reduction annealing method of (PLCCO) with x = 0.10. They call this new reduction annealing method "protect annealing" method. Although PLCCO samples with such a low Ce concentration did not show superconductivity in previous studies [21] (Fig. 1a) , the protect-annealed samples showed a T c as high as 27.0 K (even higher than those prepared by conventional annealing) as shown in Figs. 1c and d (T.A., A.T., M. Ohgi, and Y.K. unpublished.). In order to study the effect of protect annealing on the electronic structure, we have performed ARPES measurements on single crystals of PLCCO with x = 0.10 with varying annealing conditions (see Methods).
Presented results for the "annealed sample" are those for "annealed sample 1" with a T c of 27.0 K out of three protect-annealed superconducting samples unless otherwise stated.
In Figs. 2a-c, FS mappings of as-grown, weakly annealed (non-superconducting), and annealed (T c = 27.0 K) samples are shown. In the as-grown sample, the intensities are strongly suppressed around the "hot spots" due to the AFM order. The intensity partially recovers by the weak annealing, but the FS is still disconnected between the nodal and antinodal regions by the presence of the "hot spots". This means that the weak annealing was not enough for the removal of apical oxygen and the influence of AFM correlation still persists.
However, in the sufficiently annealed sample, the suppressed intensities at the "hot spots" were fully recovered, and the entire FS became a continuous circular one. This very simple FS shape is very different from those reported in the previous studies on superconducting samples [5] , in which the intensity is suppressed at the "hot spots" like the weakly annealed sample reported in the present work. The change induced by the protect annealing is clear also in the band image plots (Figs. 2d-f) , and corresponding EDCs (Figs. 2g-i) along the cuts through the node, the "hot spot", and the anti-node for each sample. At the "hot spot" of the as-grown and weakly annealed samples, the peak is shifted from E F towards higher binding energies and at the anti-node the quasi-particle (QP) peak is split, which can be attributed to AFM correlation. Similar results have also been reported for superconducting samples reduction-annealed by the conventional method [5] as shown in Fig. 2j , indicating that strong AFM correlation persists even in the superconducting samples. On the other hand, the protect-annealed sample shows that a sharp QP peak disperses towards the Fermi level without splitting in all the cuts, and the AFM pseudogap is totally absent.
In Fig. 3a , EDCs are plotted along the FS for each sample. The as-grown and weakly annealed samples show a pseudogap between the node and the "hot spot", and band splitting between the "hot spot" and the anti-node. These features are explained by strong AFM correlation as reported in previous ARPES studies [4, 5] . Surprisingly, all of those features are absent in the annealed sample, and a sharp single QP peak is observed on the entire FS, indicating the suppression of AFM correlation.
The same EDCs are plotted in Fig. 3b with different intensity normalizations. The lefthand side of Fig. 3b , where the EDCs have been normalized to the peak height shows that as-grown sample has a gap on the entire FS, consistent with the transport measurements showing an insulating behavior [20] , and that the gap closes by the annealing, consistent with a previous ARPES measurement reported by Richard et al. [12] . According to the plot in the right panel of Fig. 3b , where EDCs have been normalized to the intensity around −0.4 eV, one can see that the QP peak at the Fermi level on the entire FS is dramatically enhanced by the annealing. This growth of the QP spectral weight suggests that the scattering of the QPs by the residual apical oxygens and other defects is also suppressed by the annealing.
Suppression of the AFM pseudogap around the "hot spots" enables us to investigate the low-energy physics on the entire FS. The scattering rate of the QPs −ZImΣ k (ǫ), where
is the self-energy and Z is the renormalization factor assumed to be constant in the low-energy region considered here, as a function of QP energy ǫ, can be evaluated by multiplying the MDC width ∆k by v F (see Supplementary Information). Figure 4a shows thus obtained scattering rate −ZImΣ k (ǫ) of the annealed sample with T c = 27.2 K ("annealed sample 2") along the three cuts, those crossing the node, the "hot spot", and the anti-node (Cuts 1, 2, and 3 in Fig. 2c ). The dynamical (i.e., energy-dependent) part of −ZImΣ k (ǫ) is also plotted at the bottom of Fig. 4a .
We consider two possibilities that the QP created by photoemission is scattered by excitations of electron-hole pairs or AFM spin fluctuations. ImΣ k (ǫ) for the particle-hole excitation at low temperatures is approximately given by
where
is the Lindhard function [22, 23] . ImΣ k (ǫ) due to AFM spin fluctuations with finite correlation length ξ and finite spin fluctuation energy ω SF is given by the equation (1) with
where Q AFM ≡ (π, π) [24, 25] . Using equation (2) [32] or scattering between van Hove singularities (e.g., between (π, 0) and (0, π)) [33] have been proposed as a possible origin. In the case of e-HTSCs, however, the (π, π) scattering mechanism is less effective because the wave vector connecting two anti-nodal parts of the FS are strongly deviated from (π, π) because of the smaller radius of the FS compared to those of hole-doped cuprates (Fig. 4e) . The van Hove singularity scenario is also difficult for e-HTSCs because the singularities lie well (∼ 400 meV) below E F as opposed to ∼ 100 meV in the hole-doped cuprates. Alternatively, weak nesting between two anti-nodal parts of the FS around (π, 0) could enhance elastic scattering of the QPs. If such scattering is strong, incipient charge instability may arise from this FS nesting (Fig. 4e) . Recently, charge ordering with q ∼ (0.25π, 0) was indeed found both in hole-and electron-doped cuprates [34, 35] . As for the electron-doped cuprates, the q vector is reported to connect either two anti-nodal points or "hot spots", and hence it is possible that QPs are scattered between two anti-nodal regions connected by q ∼ (0.25π, 0) and the same scattering causes charge instability.
It is interesting to discuss the possible relevance of the present result to the superconductivity with much lower Ce concentration or even without Ce doping reported for thin films and powdered samples of e-HTSCs [16] [17] [18] [19] . In those samples, superconductivity with T c of the protect-annealed sample, one can conclude that oxygen removal takes place at atomic sites which induce less disorder than Ce substitution.
In conclusion, we have performed ARPES measurements on protect-annealed PLCCO single crystals with Ce doping of x = 0.10 with varying annealing conditions. Sufficiently annealed samples showed a T c as high as 27.0 K and did not show any signature of AFM fluctuations or the AFM pseudogap, which has been observed in all the other e-HTSCs so far.
While the scattering of QPs near E F by AFM correlation was not observed at the "hot spot"
in the annealed samples, stronger scattering was observed in the anti-nodal region than in the nodal region, similar to the hole-doped cuprates. This suggests the existence of common scattering mechanisms both in the hole-and electron-doped cuprates although the (π, π)
scattering and the van Hove singularity mechanisms proposed for the hole-doped cuprates do not seem important for the electron-doped cuprates. The protect-annealed samples studied here showed almost the same T c 's, whereas the actual electron concentration estimated from the FS area varied over a wide range. Thus the intrinsic electronic structure revealed by the present ARPES study will be of great importance to elucidate the mechanism of the high-temperature superconductivity.
. annealed samples was not detected by scanning electron microscopy (SEM) [20] . ARPES experiment was performed at beamline 28A of Photon Factory and beamline 9A of Hiroshima Synchrotron Radiation Center (HiSOR). The total energy resolution was set at 28 and 8 meV, respectively. The samples were cleaved in situ. The measurements were performed under the pressure better than 2 × 10 −10 Torr and 5 × 10 −11 Torr, respectively. Temperature during the measurement was set to 12 K at Photon Factory, and 9 K at HiSOR. The data for PLCCO and Pr 1−x LaCe x CuO 4 are denoted by La0.7 and La1.0, respectively.
Experimental estimates and simulation of the scattering rate of the quasi-particles
The scattering rate of the quasi-particles −ZImΣ k (ǫ), where Σ k (ǫ) is the self-energy and Z is the renormalization factor assumed to be constant in the low-energy region considered here, as a function of QP energy ǫ, was evaluated from the ARPES spectra by multiplying the MDC width ∆k by v F . ∆k was estimated by fitting the MDC at each energy to a Lorentzian, and v F was determined by fitting the band dispersion from E F − 35 meV to E F − 5 meV, below which a kink was observed [1] . We regarded v F as constant within this energy range. The ∆k and v F values have been corrected for the angle between the cut direction and the FS normal when they are not parallel to each other. Thus obtained v F was 2.1 eVÅ, 2.4 eVÅ and 1.9 eVÅ at the node, the "hot spot", and the anti-node, respectively.
To determine the elastic scattering rate Γ 0 , −ZImΣ k (ǫ) was fitted to the power law function Γ 0 + Aǫ α in the energy range from E F to 35 meV below it. The error bar was determined by the 3σ of the fitting.
In calculating −ImΣ k (ǫ = E k ) using equation (1) and (2) of the main text, twodimensional k space and q space were covered by a mesh of 400 × 400, ω from 0 eV to 0.1 eV was divided at 5 meV intervals, and δ was set to 0.01 eV. Temperature was set to 9 K, the same condition as the experiment. Calculated −ImΣ k (ǫ = E k ) has been normalized to the value at the binding energy of 0.06 eV in the nodal cut.
Tight-binding fit of the Fermi surface and band dispersions
The FSs and band dispersions of the as-grown and weakly annealed samples were fitted to the tight-binding model of the square lattice consisting of the Cu d x 2 −y 2 orbitals with the √ 2 × √ 2 AFM order as
where t, t ′ , and t" are the nearest-neighbor, next-nearest-neighbor, and third-nearestneighbor transfer integrals, ±∆ denotes the staggered potential of the two sublattices (Figs. S1a and b). Although this tight-binding model can capture characteristic features of the band structure of e-HTSCs, where AFM correlation is strong, perfect fitting has been difficult because the antiferromagnetism is not a long-ranged one but short-ranged one [2] and the AFM gap ∆ is generally k-dependent [3] , probably due to complicated electron correlation effect that is not considered in the simple AFM tight-binding model. In fact, a variational Monte-Carlo calculation [4] has shown that the "AFM gap" takes the largest value at (π/2, π/2), and the smallest value of almost zero at (π, 0) and (0, π), and hence the dispersion around the band bottom at (π, 0) and (0, π) can be rather well fitted to the tight-binding model with ∆ = 0 [5] . Therefore, for the present as-grown and weakly annealed samples, we determined the value of the parameter t other e-HTSCs [5] . Here, −t"/t ′ has been fixed at 0.5. The t ′ /t value of the present PLCCO samples follows the tendency against the in-plane lattice constant reported by Ikeda et al.
[5] regardless of the extent of the annealing. 
